Hydrogenated amorphous silicon (a-Si:H) is used commercially for large area device fabrication in active matrix flat panel displays as the switching element in the thin film transistors. We have found that a-Si:H thin films and its alloys can be conditioned to field emit electrons at relatively low electric fields. Emission from non-optimised films at macroscopic vacuum fields below 20 V/micron is routinely obtained. The emission field can be lowered to below 10 Vlmicron by further conditioning. It appears that the Schottky junction between the a-Si:H and Cr substrates or the surface of the layer needs to be modified to get electron emission at reasonably low fields. The a-Si:H needs to be fully depleted so that electrons that enter the films can get 'hot'. It should be noted that by having a three terminal device, with the third terminal placed on the thin film surface better control of the emission maybe achieved. If this were the case, it would then be possible to build a layered a-Si:H film such that the lateral conductivity of the surface layer would allow for the voltage of this layer to be modulated easily.
The a-Si:H thin films were grown using SiH4 and HP as feed gases in a standard plasma enhanced chemical vapour deposition system at a temperature of 250 "C and a growth rate of -250 a/min. The films were undoped, and deposited either on coated glass substrates with Cr (50 nm) or on n-Si wafers. The a-Si:H films were of the device quality used to produce switching elements for thin film transistors/diodes in matrix addressed flat panel displays. The hydrogen content in the deposited a-Si:H films was around 10 atomic %. The films have an optical Tauc gap of 1.74 eV. The gap state defect density is expected to be below 10l6 cm"eV" in the middle of the gap. The films are slightly n-type due to a structural (bonding) defect present in the a-Si:H films. For field emission measurements an anode was placed above the cathode surface by means of a micrometer controlled apparatus from which the current (I) versus voltage (V) was obtained. The electric field shown is the macroscopic field applied to the vacuum gap. Reverse leakage currents were measured after each experiment. Reverse leakage currents were less than the minimum detectable limit of 1 x I O g A for the measurement system used. Each current recorded is the average of 10 measurements at the fixed bias, with a fixed delay period between each measurement of 2 sec. The voltage was then ramped slowly to the next value, and the next measurement taken after a delay period of 80 sec. The electric field (E) shown in Fig. 1 was calculated simply by dividing the applied voltage by the anode cathode spacing. The threshold field at which the emission takes place from the cathodes can be reduced by cycling the electric field over 2-3 periods. This we refer to as conditioning. If during this conditioning period we increase the current emitted above a current threshold limit, there results a noticeable change in surface morphology. The reverse leakage current for these samples too remains below the detection limit of our measurement system. These films we refer to as stressed films.
The emission obtained from the a-Si:H thin films are comparable to those obtained from diamond-like carbon (DLC) thin films. Since the a-Si technology is in a significantly more advanced state than DLC, it is envisaged that these films hold a better promise as a practical cathode material for flat panel displays. The use of a-Si:H as a cathode is further supported by the ability of a-Si to form active components such as thin film transistors, which will help in the fabrication of three terminal devices. The emission current observed experimentally in the films did not fit a FowlerNordheim type tunnelling current but was closer to a space charge limited current which would be expected if the current limiting process was due to a space charge in the film as proposed for DLC [I] . It is well known that the electron affinity of a-Si:H is close to 4 eV, and therefore it is highly unlikely that the emission will be purely due to Fowler-Nordheim like tunnelling. In the case of the a-Si:H films instead of a heterojunction at the back surface of the films, there is a reverse biased Schottky barrier that requires a high field across the film before electrons can be injected into the film by thermionic field emission. In travelling across the thin films these electrons gain enough energy to surmount the vacuum barrier at the front surface of the cathode. Not all the electrons are able to leave the cathode and therefore with time a pool of electrons collect at the front surface of the cathode, which will in time decrease the band bending and thus turn off the emission. We have experimentally observed the decrease and turning off of the emission current, with time. But, if the devices are to be operated in a pulsed mode, and the surface charge extracted by means of a gate electrode, these shortcomings can be addressed successfully. We have examined the electron emission from multilayer structures that contain Schottky and ohmic back contacts as well as thin 15 nm n+ surface layers used to control the potential of the front surface of the emitting device.
[I] G.A.J. Amaratunga and S.R.P. Silva, Appl. Phys. Lett. 68 (1996) 2529.
